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(57) ABSTRACT

A Tabrication method for an optical connector, includes:
inserting an optical waveguide sheet, 1n a direction of an
optical path of the optical waveguide sheet, into an 1mnsertion
hole of an optical connector including lenses disposed 1n a
juxtaposed relationship on a first end face of the optical
connector, the msertion hole extending from a second end

face of the optical connector at an opposite side to the first
end face toward the lenses; and performing first adjustment
ol adjusting a position of a tip end of the optical path with
respect to the lenses by pressing a side end portion of the
optical waveguide sheet 1nserted in the insertion hole from
at least one of sides of a first direction along a disposition
direction of the lenses, through a first hole portion that is
provided 1n the optical connector and extends to the inser-
tion hole.

15 Claims, 13 Drawing Sheets
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FIG. 1
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FIG. 8
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FABRICATION METHOD FOR OPTICAL
CONNECTOR AND OPTICAL CONNECTOR

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based upon and claims the benefit of
priority from the prior Japanese Patent Application No.

2014-113545 filed on May 30, 2014, the entire contents of
which are incorporated herein by reference.

FIELD

The embodiment discussed herein 1s related to a tabrica-

tion method for an optical connector and an optical connec-
tor.

BACKGROUND

In fabrication of an optical connector, an optical wave-
guide sheet 1s mounted on an optical connector by being
inserted 1nto an insertion hole provided 1n the optical con-
nector. Optical axes of a plurality of lenses provided 1n the
optical connector and each of optical paths of the optical
waveguide sheet which individually correspond to the lenses
are aligned with each other so that the mounting accuracy
(optical axis accuracy) between the optical connector and
the optical waveguide sheet has a value equal to or higher
than a given value.

A related art 1s disclosed 1n Japanese Laid-open Patent

Publication No. 2006-017914 or Japanese Laid-open Patent
Publication No. 2006-349861.

SUMMARY

According to an aspect of the embodiments, a fabrication
method for an optical connector, includes: inserting an
optical waveguide sheet, 1n a direction of an optical path of
the optical waveguide sheet, into an insertion hole of an
optical connector including lenses disposed 1n a juxtaposed
relationship on a first end face of the optical connector, the
isertion hole extending from a second end face of the
optical connector at an opposite side to the first end face
toward the lenses; and performing first adjustment of adjust-
ing a position of a tip end of the optical path with respect to
the lenses by pressing a side end portion of the optical
waveguide sheet 1nserted in the 1nsertion hole from at least
one of sides of a first direction along a disposition direction
of the lenses, through a first hole portion that 1s provided 1n
the optical connector and extends to the insertion hole.

The object and advantages of the invention will be
realized and attained by means of the elements and combi-
nations particularly pointed out in the claims.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the inven-
tion, as claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 depicts an example of an optical connector and
peripheral elements;

FIG. 2 depicts an example of a structure of an optical
connector:;

FIG. 3 depicts an example of an optical connector;

FIG. 4 depicts an example of an optical connector;
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FIG. 5 depicts an example of a cross section of an optical
connector;

FIG. 6 depicts an example of a cross section of an optical
connector;

FIG. 7 depicts an example of a cross section of an optical
connector;

FIG. 8 depicts an example of a fabrication method for an
optical connector;

FIGS. 9A and 9B depict an example of displacement
between a group of lenses and optical paths of an optical
waveguide sheet;

FIG. 10 depicts an example of an adjustment table;

FIG. 11 depicts an example of an optical connector;

FIG. 12 depicts an example of an optical connector; and

FIG. 13 depicts an example of an optical connector.

DESCRIPTION OF EMBODIMENTS

For example, a mechanism in which an optical fiber 1s
held down by a block-like cover 1s available. For example,
warping ol a waveguide sheet 1s reduced by a supporting
board.

Since an optical waveguide sheet has a thin film structure,
warping may occur in the optical waveguide sheet. If a
warped optical waveguide sheet 1s mounted on an optical
connector, displacement may possibly occur between lens
positions of the optical connector and optical path positions
of the optical waveguide sheet. For example, 11 the dimen-
sional accuracy of the optical waveguide sheet and the
working accuracy of insertion openings of the optical con-
nector do not exhibit designed values, optical axis displace-
ment, for example, optical axis displacement 1n a horizontal
direction of the optical waveguide sheet, may occur upon
mounting of the optical waveguide sheet. By such optical
axis displacement, coupling loss equal to or more than
supposed loss may occur, resulting in failure of the optical
connector.

FIG. 1 depicts an example of an optical connector and
peripheral elements. Referring to FIG. 1, an optical connec-
tor 100, an optical waveguide sheet 101 and an optical
module 102 are depicted. FIG. 1 depicts a state 1n which the
optical connector 100 and the optical module 102 are
coupled to each other by the optical waveguide sheet 101.
The optical waveguide sheet 101 1s coupled to the optical
connector 100 such that the optical waveguide sheet 101 1s
inserted at one end thereof 1n an 1nsertion hole of the optical
connector 100, for example, 1n an 1nsertion hole 401
depicted 1n FIG. 4.

The optical connector 100 depicted 1n FIG. 1 may have,
for example, a longitudinal dimension of approximately 8
mm, a lateral dimension of approximately 7 mm and a
heightwise dimension of approximately 3 mm. In the fol-
lowing description, a direction 1n which the optical wave-
guide sheet 101 1s mserted into the optical connector 100 1s
referred to as “longitudinal” direction; a direction perpen-
dicular to the direction 1n which the optical waveguide sheet
101 1s 1nserted into the optical connector 100 1s referred to
as “lateral” direction; and a direction indicative of a thick-
ness of the optical connector 100 1s referred to as “height-
wise” direction. The optical connector 100 may have arbi-
trary dimensions. The optical connector 100 may include a
material such as cyclo-olefin polymer or a like matenal.

The optical module 102 may have a rectangular shape of,
for example, approximately 10.5 mmxapproximately 13.5
mm. The overall length 1n the longitudinal direction of a
fimshed product configured from the optical connector 100
and the optical module 102 coupled to each other may be, for
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example, approximately 35 mm. The width of the optical
waveguide sheet 101 on the side at which the optical
waveguide sheet 101 1s coupled to the optical connector 100
may be, for example, approximately 3.5 mm. However, the
dimensions of the optical module 102 may be set arbitrarily
in accordance with an application of the optical module 102.
The surface of the optical waveguide sheet 101 may include
a material such as polynorbormene resin, fluorinated poly-
imide resin/polyimide resin or the like.

FIG. 2 depicts an example of a structure of an optical
connector. The optical connector depicted 1n FIG. 2 may be
the optical connector 100 depicted 1n FIG. 1. FIG. 3 depicts
an example of an optical connector. In FIG. 3, the optical
connector 100 as viewed from the direction indicated by an
arrow mark A of FIG. 2 1s depicted. In the following
description, a face of the optical connector 100 as viewed 1n
the direction 1ndicated by the arrow mark A 1s referred to as
“front face” of the optical connector 100. FIG. 4 depicts an
example of an optical connector. In FIG. 4, the optical
connector 100 as viewed from the direction indicated by an
arrow mark B of FIG. 2 1s depicted. In the following
description, a face of the optical connector 100 as viewed
from the direction indicated by the arrow mark B 1s referred
to as “rear face” of the optical connector 100.

The optical connector 100 depicted in FIG. 2 includes a
group of lenses 201 provided on the front face of the optical
connector 100, a position adjustment groove 202 provided
on a side face of the optical connector 100, and a warping
correction member insertion hole 203 provided on an upper
tace of the optical connector 100. In the following descrip-
tion, the face of the optical connector 100 on which the
position adjustment groove 202 depicted 1n FIG. 2 1s pro-
vided 1s referred to as “left side face.” The face of the optical
connector 100 on which the warping correction member
insertion hole 203 1s provided 1s referred to as “top face,”
and the opposite face of the optical connector 100 opposing
to the top face 1s referred to as “bottom face.”

The 1nsertion hole 401 1s provided on the rear face of the
optical connector 100. Also on a side face of the optical
connector 100 at the opposite side to the left side face (the
side face at the opposite side 1s herematter referred to as
“right side face™), another position adjustment groove 202 1s
provided similarly to the left side face. The position adjust-
ment groove 202 provided on the left side face and the
position adjustment groove 202 provided on the rnight side
face may have a substantially same shape and a substantially
same si1ze. The position adjustment groove 202 provided on
the leit side face and the position adjustment groove 202
provided on the rnight side face may have shapes diflerent
from each other or may have sizes diflerent from each other.

In FIG. 3, the front face of the optical connector 100 1s
depicted. In FIG. 3, the left side indicates the right side face
of the optical connector 100 and the right side indicates the
left side face of the optical connector 100. The front face of
the optical connector 100 may be a face to which a different
optical connector 1s coupled. On the front face of the optical
connector 100, the group of lenses 201 from which optical
signals are output to the different optical connector 1s
provided.

As depicted i FIGS. 2 and 3, the group of lenses 201
includes, for example, 12 lenses. The number of lenses 1s not
limited to 12 but may be selected arbitrarily. The 12 lenses
are disposed 1n a juxtaposed relationship 1 a row, for
example, 1n the lateral direction (horizontal direction) of the
optical connector 100 depicted in FIG. 3. In the group of
lenses 201, the 12 lenses may be formed, for example, by
integral formation.
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A grooved portion 204 1s provided at a substantially
central location of the front face of the optical connector
100, and the group of lenses 201 1s disposed 1n an embedded
state 1nside the grooved portion 204. The grooved portion
204 may have such a shape as depicted, for example, 1n FIG.
5 or in FIG. 7. As depicted 1n FIG. 3, the group of lenses 201
may be disposed at a central location of the optical connector
100 1n the lateral direction and the heightwise direction.

In FIG. 4, the rear face of the optical connector 100 1s
depicted. In FIG. 4, the left side indicates the left side face
ol the optical connector 100 and the right side indicates the
right side face of the optical connector 100. The optical
waveguide sheet 101 1s inserted 1nto the 1nsertion hole 401
through an entrance of the insertion hole 401. The 1nsertion
hole 401 has a size a little greater than the size of the optical
waveguide sheet 101 so that the optical waveguide sheet 101
may be 1nserted into the insertion hole 401 easily. For
example, the lateral width “w” of the insertion hole 401 may
be a little greater than approximately 3.5 mm that 1s the
dimension of the width “W” of the optical waveguide sheet
101 (w>W), and the height “h” of the insertion hole 401 may
be a little greater than the thickness “H” of the optical
waveguide sheet 101 (h>H).

In the proximity of the entrance of the 1nsertion hole 401,
a member 402 called “boot” 1s embedded which includes a
maternial different from the material of the other portion of
the optical connector 100. The material of the member 402
may be a matenal that 1s softer than the material of the other
portion of the optical connector 100 such as rubber or resin
so that a tip end portion of the optical waveguide sheet 101
may not be damaged when the optical waveguide sheet 101
1s 1nserted into the insertion hole 401, or so that, after the
optical waveguide sheet 101 1s inserted into the insertion
hole 401, the stress of the optical waveguide sheet 101 1n the
proximity of the insertion hole 401 may be mitigated to
reduce the possibility of damage to the optical waveguide
sheet 101.

FIG. 5 depicts an example of a cross section of an optical
connector. In FIG. §, a cross section taken along line X-X'
ol the optical connector depicted 1n FIG. 2 1s depicted. 1. In
FIG. 5, the left side indicates the front face of the optical
connector 100, and the right side indicates the rear face of
the optical connector 100. As depicted in FIG. S, the
insertion hole 401 extends 1n a horizontal direction from the
rear face side toward the front face side of the optical
connector 100 while the insertion hole 401 keeps the height
“h,”, and a deepest portion of the mnsertion hole 401 reaches
the group of lenses 201 provided at the front face side of the
optical connector 100. The member 402 (*boot”) may cor-
respond to a region ol the insertion hole 401 from the
entrance to an intermediate portion of the insertion hole 401.

In FIG. 5, in the optical connector 100, the warping
correction member insertion hole 203 1s disposed in the
proximity of the deepest portion of the insertion hole 401
and extends from the top face of the optical connector 100
to the insertion hole 401. A warping correction member 501
1s mserted 1n the warping correction member insertion hole
203. By the configuration just described, the warping cor-
rection member 501 abuts with the tip end portion of the
optical waveguide sheet 101 inserted in the insertion hole
401. By pressing the warping correction member 501 down
from above toward the bottom face side of the optical
connector 100, a lower side face of the warping correction
member 501 1s abutted with a portion 1n the proximity of the
tip end portion of the optical waveguide sheet 101 nserted
in the 1msertion hole 401 to the deepest portion. Further, the
portion 1n the proximity of the tip end portion of the optical
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waveguide sheet 101 may be pressed by the warping cor-
rection member 501 and sandwiched between the warping
correction member 501 and a lower side portion of the
insertion hole 401 so that the optical waveguide sheet 101 1s
corrected from warping.

The warping correction member 501 may have a substan-
tially same shape as the shape of the warping correction
member insertion hole 203 and may have a size a little
smaller than the size of the warping correction member
insertion hole 203. Therefore, the warping correction mem-
ber 501 may be mserted readily into the warping correction
member 1nsertion hole 203, and the tip end portion of the
optical waveguide sheet 101 with which the inserted warp-
ing correction member 501 1s abutted may be pressed down
readily. The warping correction member 501 may include a
material such as cyclo-olefin polymer or the like similarly to
the optical connector 100. The warping correction member
501 may be fabricated from a material which 1s the same as
the material of the optical connector 100 or may be fabri-
cated otherwise from a different material.

FIG. 6 depicts an example of a cross section of an optical
connector. In FIG. 6, a cross section taken along line Y-Y' of
the optical connector depicted in FIG. 2 1s depicted. Since
FIG. 6 1s the cross sectional view taken along line Y-Y' of the
optical connector 100 as viewed from the direction indicated
by the arrow mark A of FIG. 2, the left side indicates the
right side face of the optical connector 100 and the right side
indicates the left side face of the optical connector 100 1n
FIG. 6.

In FIG. 6, the lateral width of the msertion hole 401 keeps
“w” of the entrance of the insertion hole 401. In FIG. 6, a
state 1s depicted in which the optical waveguide sheet 101 1s
inserted 1n the insertion hole 401 having the lateral width of
“w.” On the optical waveguide sheet 101, 12 optical paths
601 are provided 1n a line 1n the lateral widthwise direction.
The optical paths 601 may individually correspond to the
positions of the 12 lenses of the group of lenses 201 depicted
in FIG. 3 and so forth.

In FIG. 6, the lateral width of the warping correction
member insertion hole 203 1s set smaller than the lateral
width “w” of the insertion hole 401. The lateral width of the
warping correction member insertion hole 203 may be set
equal to the lateral width “w” of the insertion hole 401 or
may be set greater than the lateral width “w” of the 1nsertion
hole 401.

In FIG. 6, the position adjustment grooves 202 are pro-
vided on extension lines of the insertion hole 401 on the
right side face and the left side face of the optical connector
100 and pass through to the insertion hole 401. In FIG. 6, the
height “h” of the position adjustment grooves 202 on the
right side face and on the left side face 1s greater than the
height “h™ of the 1nsertion hole 401 (h'>h). The height “h”
of the position adjustment grooves 202 on the right side face
and on the left side face may be substantially equal to or
smaller than the height “h™ of the insertion hole 401.

Holding j1gs are inserted through the position adjustment
grooves 202 on the right side face and on the left side face
and abutted with side end portions of the optical waveguide
sheet 101. By pressing the holding j1gs on the right side face
and on the left side face while adjusting the holding j1gs on
the right side face and on the left side face with each other,
adjustment of the position in the lateral direction of the
optical waveguide sheet 101 inserted in the insertion hole
401 1s performed.

FI1G. 7 depicts an example of a cross section of an optical
connector. In FIG. 7, a cross section taken along line Z-7' of
the optical connector depicted in FIG. 2 1s depicted. Since
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FIG. 7 1s a cross sectional view taken along line Z-7' of the
optical connector 100 depicted 1n FIG. 2 as viewed from
above, the right side 1n FIG. 7 indicates the front face of the
optical connector 100 and the left side 1n FIG. 7 indicates the
rear Tace of the optical connector 100 while the upper side
indicates the left side face and the lower side indicates the
right side face.

In FIG. 7, the optical waveguide sheet 101 1s depicted 1n
an 1nserted state. As depicted 1n FIG. 7, the 12 optical paths
601 are provided in parallel to each other on the optical
waveguide sheet 101 so as to extend in the longitudinal
direction (insertion direction) of the optical waveguide sheet
101. The distance between the 12 optical paths 601 may
correspond to the distance from the center of each of the 12
lenses of the group of lenses 201 to the center of an adjacent
one of the lenses.

In FIG. 7, the position adjustment grooves 202 pass
through from the left and right side faces of the optical
connector 100 to the insertion hole 401. Holding jigs are
inserted toward side end portions of the optical waveguide
sheet 101 through the position adjustment grooves 202 and
abutted with the side end portions of the optical waveguide
sheet 101.

The shape and the size of the warping correction member
insertion hole 203 are not limited to the shape and the size
depicted in FIGS. 2, 5 and 6 but may be set arbitrarily. The
shape of the warping correction member insertion hole 203
may be a rectangular shape or some other shape. The size of
the warping correction member insertion hole 203 may be
greater or smaller than the size depicted 1n FIGS. 2, 5 and 6.
The warping correction member insertion hole 203 may
extend at least to one of the front face and the rear face of
the optical connector 100. Also the size of the position
adjustment grooves 202 may be greater or smaller than the
size depicted mm FIGS. 2, 6 and 7. Further, the position
adjustment grooves 202 may extend to at least one of the
front face and the rear face of the optical connector 100.

FIG. 8 depicts an example of a fabrication method for an
optical connector. Referring to FIG. 8, the optical waveguide
sheet 101 1s 1inserted into the msertion hole 401 of the optical
connector 100 (operation S801). The insertion of the optical
waveguide sheet 101 into the insertion hole 401 of the
optical connector 100 1s performed until the tip end portion
of the optical waveguide sheet 101 1s brought into abutment
with a deepest portion of the insertion hole 401. The
insertion work of the optical waveguide sheet 101 1nto the
optical connector 100 may be performed manually by a
worker.

Adjustment of the optical waveguide sheet 101 1 a
direction perpendicular to the arrangement direction of the
group of lenses 201 1s performed by the warping correction
member 501 (operation S802). For example, the warping
correction member 501 1s moved 1n a direction perpendicu-
lar to the arrangement direction of the group of lenses 201,
for example, 1n an upward and downward direction (vertical
direction) 1n FIG. 6. By the movement of the warping
correction member 501, warping of the optical waveguide
sheet 101 inserted 1n the msertion hole 401 1s corrected with
reference to the lower face of the optical waveguide sheet
101. Thereupon, the adjustment may be performed while the
optical coupling state between the optical connector 100 and
the optical waveguide sheet 101 1s checked.

The movement in the upward and downward direction of
the warping correction member 501 may be performed using
a given adjustment apparatus or manually by a worker. For
example, the warping correction member 501 may be
pressed down by a pressure of such a degree that the optical
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waveguide sheet 101 1s not broken. For example, warping of
the optical waveguide sheet 101 may be corrected by the
pressure provided by the own weight of the warping cor-
rection member 3501.

FIG. 9A depicts an example of displacement between a
group of lenses and optical paths of an optical waveguide
sheet. In FIG. 9A, a cross section taken along line y-y' of the
optical connector depicted 1 FIG. 7 1s depicted. In FIG. 9A,
a lens 1s indicated by a circle, and the optical path 601 of the
optical waveguide sheet 101 1s indicated by a quadrangle. In
FIG. 9A, a stated 1s depicted 1n which a central portion of the
optical waveguide sheet 101 inserted in the insertion hole
401 1n the lateral widthwise direction 1s warped to the upper
side 1n the msertion hole 401. From among the optical paths
601, optical paths around a central location are displaced
from the center of the lenses and warped to the upper side.
Theretore, optical axis displacement occurs with the optical
paths 601 1n the proximity of the central location.

If the height “h™ of the 1nsertion hole 401 1s set closer to
the height “H” of the optical waveguide sheet 101, the
warping described hereimnabove may decrease. If the height
“h” of the insertion hole 401 1s set closer to the height “H”
of the optical waveguide sheet 101, nsertion of the optical
waveguide sheet 101 into the insertion hole 401 may
become difficult. Upon insertion, the optical waveguide
sheet 101 may be damaged. Therefore, 1t may be better that
h>H 1s satisfied. Further, from a shape or a material of the
optical waveguide sheet 101, the optical waveguide sheet
101 1nserted in the insertion hole 401 may be warped 1n the
insertion hole 401 due to a dispersion 1n size of the optical
waveguide sheet 101, a dispersion 1n size of the insertion
hole 401 and so forth.

In the operation S802 depicted 1n FIG. 8, warping of the
optical waveguide sheet 101 1s eliminated using the warping
correction member 501. In FIG. 9A, a state 1s depicted 1n
which the optical waveguide sheet 101 1s warped to the
upper side at a middle portion thereof. Also 1n a state in
which the optical waveguide sheet 101 1s warped to the
lower side reversely to the state 1n FIG. 9A or 1n a state the
optical waveguide sheet 101 1s warped 1n a wavelike fash-
1on, the warping of the optical waveguide sheet 101 may be
climinated using the warping correction member 501.

In FIG. 8, adjustment of the optical waveguide sheet 101
in the arrangement direction of the group of lenses 201
through the position adjustment groove 202 1s performed
(operation S803). In the adjustment method, holding j1gs or
the like are inserted from the position adjustment grooves
202 on the right side face and on the left side face until the
holding jigs or the like are brought into abutment with side
end portions of the optical waveguide sheet 101 as described
hereinabove. While the left and right holding jigs are
adjusted relative to each other, pressing of the optical
waveguide sheet 101 1s performed to perform adjustment of
the position 1n the lateral direction of the optical waveguide
sheet 101 inserted in the insertion hole 401. The adjustment
may be performed while the optical coupling state between
the optical connector 100 and the optical waveguide sheet
101 1s checked. The adjustment may be performed manually
by a worker or may be performed using an adjustment
apparatus depicted 1n FIG. 10.

FIG. 9B depicts an example of displacement between a
group of lenses and optical paths of an optical waveguide
sheet. In FI1G. 9B, a cross section taken along line y-y' of the
optical connector depicted in FIG. 7 1s depicted. Also in FIG.
9B, a lens 1s indicated by a circle and an optical path 601 of
the optical waveguide sheet 101 1s indicated by a rectangle
similarly as in FIG. 9A. In FIG. 9B, warping of the optical
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waveguide sheet 101 inserted in the insertion hole 401 1s
climinated. However, the optical waveguide sheet 101 1s
displaced in the lateral widthwise direction. The optical
waveguide sheet 101 1s displaced to the right side 1n FIG. 9B
and the optical paths 601 are moved to positions displaced
from the positions of the corresponding lenses. Therefore, an
optical axis displacement of the optical paths 601 entirely
OCCUrS.

If the lateral width “w” of the insertion hole 401 1s set
closer to the width “W” of the optical waveguide sheet 101,
such displacement as described above may decrease. If the
lateral width “w” of the 1nsertion hole 401 1s set closer to the
width “W” of the optical waveguide sheet 101, the 1nsertion
of the optical waveguide sheet 101 into the isertion hole
401 may become difficult, or the optical waveguide sheet
101 may be damaged upon insertion thereof. Therefore, it
may be desirable that w>W 1s satisfied. Besides, the optical
waveguide sheet 101 inserted in the msertion hole 401 may
be displaced in the insertion hole 401 by a dispersion of the
s1ze of the optical waveguide sheet 101, a dispersion of the
size of the insertion hole 401 and so forth. Therefore, in the
operation S803 depicted 1n FIG. 8, the displacement 1n the
lateral direction of the optical waveguide sheet 101 may be
climinated through the position adjustment groove 202.

In the operation S802, adjustment by the warping correc-
tion member 501 1s performed to correct warping of the
optical waveguide sheet 101, and the warping correction
member 501 1s fixed provisionally. In the provisional fixa-
tion, the pressure may be controlled to 0.1 MPa or less so
that the optical waveguide sheet 101 may not be collapsed.
It may be eflicient and more effective that the displacement
of the optical waveguide sheet 101 1n the lateral direction 1s
adjusted by adjustment through the position adjustment
groove 202 in the operation S803. The warping correction
member 501 and the optical wavegmide sheet 101 are
structured such that, in the provisionally fixed state, the
warping correction member 501 and the optical waveguide
sheet 101 slip relative to each other. Therefore, while the
optical coupling state between the optical connector 100 and
the optical waveguide sheet 101 1s checked, the position of
the optical waveguide sheet 101 may be adjusted using the
position adjustment grooves 202 on the rnight side face and
on the left side face.

The warping correction member 501 1s fixed to the optical
connector 100 using, for example, an ultraviolet (UV)
bonding agent or the like in the form of liquid (operation
S804). The coupling process between the optical connector
100 and the optical waveguide sheet 101 including the
position adjustment of the optical paths 601 of the optical
waveguide sheet 101 and the group of lenses 201 1s com-
pleted therewith, and the processing advances to a next
Process.

FIG. 10 depicts an example of an adjustment table. In
FIG. 10, a cross section taken along line Y-Y' of the optical
connector depicted i FIG. 2 and a configuration of the
adjustment table are depicted. FIG. 10 1llustrates a state 1n
which the optical connector 100 having the optical wave-
guide sheet 101 inserted 1n the 1nsertion hole 401 1s placed
on the adjustment table 1001. When the optical connector
100 15 placed on the adjustment table 1001, a holding jig
1002 and a spring mechanism 1004 that has elastic force are
set 1n the position adjustment groove 202 at one side (at the
lett side 1n FIG. 10). In the other position adjustment groove
202, another holding j1g 1003 15 set. An adjustment mecha-
nism 1003 1s set to the holding j1g 1003 side.

The adjustment mechanism 1005 moves the holding jig
1003 to the optical waveguide sheet 101 side, for example,
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from the right side to the left side 1n a horizontal direction
in FIG. 10 while adjusting the pressure for pressing. The
holding j1g 1003 presses a side end portion of the optical
waveguide sheet 101 such that the optical waveguide sheet
101 1s moved to an optimum position by antagonism with
the repulsive force of the holding j1g 1002, which abuts with
a side end portion of the optical waveguide sheet 101 at the
opposite side, and the spring mechanism 1004. The adjust-
ment mechanism 1005 may be configured using, for
example, a micro motor or the like.

The position adjustment of the optical waveguide sheet
101 1s performed using the force of the adjustment mecha-
nism 1005 and the force of the spring mechanism 1004 while
loss data of the optical coupling state between the optical
connector 100 and the optical waveguide sheet 101 1s
checked. In a state 1n which the position adjustment 1is
completed and the holding j1gs 1002 and 1003 are leit 1n the
position adjustment grooves 202, for example, UV bonding
agent or the like in the form of liquid 1s poured into the
insertion hole 401 and solidified together with the holding
11gs 1002 and 1003 to fix the optical waveguide sheet 101.
The spring mechanism 1004 may be removed when UV
bonding agent 1n the form of liquid 1s poured. By using the
adjustment table 1001 1including the adjustment mechanism
1005 1n this manner, more eflicient and more accurate
adjustment may be performed.

According to the fabrication method for an optical con-
nector described above, into an insertion hole 401 of an
optical connector 100 that includes a group of lenses 201
disposed 1n a juxtaposed relationship on a front face of the
optical connector 100 and 1n which the insertion hole 401 1s
provided so as to extend from an end face (rear face) of the
optical connector 100 at the opposite side to the front face
toward the group of lenses 201, an optical waveguide sheet
101 1s 1mserted 1n a direction of optical paths 601. In a state
in which the optical waveguide sheet 101 1s mserted 1n the
insertion hole 401, through an position adjustment groove
202 passing through up to the insertion hole 401 provided 1n
the optical connector 100, the optical waveguide sheet 101
inserted 1n the insertion hole 401 1s pressed at a side end
portion thereol at least from one side along a disposition
direction in which the group of lenses 201 are disposed.
Therefore, the position of a tip end of the optical paths 601
of the optical waveguide sheet 101 with respect to the group
of lenses 201 1s adjusted.

Since stabilized positioning 1s performed, characteristic
degradation may be moderated and the yield may be
improved. In the optical connector and the fabrication
method for the optical connector described above, the tol-
crance lor the optical waveguide sheet 101 or the optical
connector 100 1s not set severely, and therefore, reduction 1n
cost of the components may be achieved.

According to the fabrication method for the optical con-
nector described above, a holding j1g 1002 1s abutted with
one of side end portions of the optical waveguide sheet 101
through one of the position adjustment grooves 202 at one
side of a direction along the disposition direction of the
group ol lenses 201, and the other one of the side end
portions of the optical waveguide sheet 101 1s pressed
through the other one of the position adjustment grooves 202
from the other side of the direction along the disposition
direction of the group of lenses 201. The position of the tip
end of the optical paths 601 of the optical waveguide sheet
101 with respect to the group of lenses 201 1s adjusted
utilizing elastic force exerted by the spring mechanism 1004
abutted by the holding j1g 1002. Therefore, eflicient and
highly accurate adjustment may be performed.
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In the fabrication method for the optical connector
described above, 1n the state 1n which the optical waveguide
sheet 101 1s inserted in the insertion hole 401, the optical
waveguide sheet 101 inserted in the insertion hole 401 1s
pressed, using an warping correction member 501, from one
side of a direction perpendicular to the disposition direction
of the group of lenses 201 through a warping correction
member 1nsertion hole 203 that 1s provided on the optical
connector 100 and passes through up to the insertion hole
401. Since the position of the tip end of the optical paths 601
of the optical waveguide sheet 101 with respect to the group
of lenses 201 1s adjusted, warping of the tip end portion of
the optical waveguide sheet 101 may be corrected.

In the fabrication method for the optical connector
described above, the adjustment in the direction along the
disposition direction of the group of lenses 201 1s performed
alter the adjustment 1n the direction perpendicular to the
disposition direction of the group of lenses 201 1n which the
warping correction member 301 1s used 1s performed. After
the warping of the optical waveguide sheet 101 1s corrected,
the displacement between the group of lenses 201 and the
optical paths 601 in the direction along the disposition
direction of the group of lenses 201 may be adjusted.

According to the fabrication method for the optical con-
nector described above, after the adjustment, the optical
waveguide sheet 101 1s fixed to the optical connector 100 by
fixing the warping correction member 501 to the optical
connector 100. Therefore, characteristic degradation may be
moderated and the optical connector 100 may be fabricated
with good yield.

The optical connector described above includes a group of
lenses 201 disposed 1n a juxtaposed relationship on a front
face of the optical connector, an 1nsertion hole 401, which 1s
provided from a rear face of the optical connector 100
toward the group of lenses 201 and to which an optical
waveguide sheet 101 1s inserted 1n a direction of an optical
paths 601 of the optical waveguide sheet 101, and an
adjustment unmt configured to adjust, in a state 1n which the
optical waveguide sheet 101 1s inserted 1n the insertion hole
401, a position of a tip end of the optical paths 601 of the
optical waveguide sheet 101 with respect to the group of
lenses 201. The adjustment unit may include a first adjust-
ment portion configured to adjust the position of the tip end
ol the optical paths 601 of the optical waveguide sheet 101
along the direction in which the group of lenses 201 are
disposed.

The first adjustment portion has a position adjustment
groove 202 passing through to the mnsertion hole 401. A side
end portion of the optical waveguide sheet 101 inserted 1n
the msertion hole 401 1s pressed from at least one side 1n a
direction 1 which the group of lenses 201 1s disposed,
through the position adjustment groove 202 to adjust the
position of the tip end of the optical paths 601 of the optical
waveguide sheet 101. The optical axis displacement 1n a
horizontal direction of the optical waveguide sheet 101 may
be adjusted efliciently and accurately.

The adjustment unit may include a second adjustment
portion configured to adjust the position of the tip end of the
optical paths 601 of the optical waveguide sheet 101 1n a
direction substantially perpendicular to the direction 1n
which the group of lenses 201 1s disposed. The second
adjustment portion has a warping correction member 1nser-
tion hole 203 passing through to the insertion hole 401, and
a warping correction member 501. The warping correction
member 501 adjusts the position of the tip end of the optical
paths 601 of the optical waveguide sheet 101 by pressing the
optical waveguide sheet 101 inserted in the insertion hole
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401 from one side of the direction perpendicular to the
insertion direction of the optical waveguide sheet 101
through the warping correction member isertion hole 203.
The warping 1n a horizontal direction of the optical wave-
guide sheet may be corrected, and eflicient and accurate
adjustment of the optical axis displacement may be per-
formed.

Upon 1nsertion (before fixing by bonding) of the optical
waveguide sheet 101, preferably the optical loss 1s checked.
However, 11 the optical waveguide sheet 101 1s not fixed by
bonding, then the position of the optical waveguide sheet
101 1n the 1nsertion hole 401 1s not stabilized, and therefore,
measurement of the loss may be diflicult. Even 11 miscou-
pling 1s found after fixing by bolding, since the miscoupling,
1s not repaired, the product that 1s defective 1n terms of loss
may be discarded and the vield may be degraded. In the
fabrication method for an optical connector and the optical
connector described above, the problems may be reduced
and the yield may be improved.

Since the processing accuracy of the size of the opening
of the insertion hole 401 and the size (thickness, width) of
the optical waveguide sheet 101 1s improved, the mating
accuracy of the insertion hole 401 and the optical waveguide
sheet 101 may be improved and the displacement amount
upon mounting may be reduced. For example, 11 the gap of
the optical waveguide sheet 101 with respect to the 1insertion
hole 401 1s small, the optical waveguide sheet 101 may be
damaged by friction upon insertion or, upon insertion for
abutting, the optical waveguide sheet 101 may not be
inserted to the depth. The mating of the members may be
predicted from inspection data. Individual inspection may be
performed and the yield may be dropped by failure 1n size,
resulting in 1ncrease of the cost. With the fabrication method
for an optical connector and the optical connector described
above, the problems in the fabrication method may be
reduced and the fabrication may be made more eflicient, and
reduction of the cost may be achieved.

FIG. 11 depicts an example of an optical connector. In
FIG. 11, a cross sectional view of the optical connector taken
along line X-X' depicted 1n FIG. 2 1s depicted. In the optical
connector 1100 depicted mn FIG. 11, a warping correction
member 1nsertion hole 203 1s provided in the proximity of
the deepest portion of the insertion hole 401 so as to extend
from an upper face of the optical connector 1100 to the
insertion hole 401. A warping correction member 501 1is
inserted in the warping correction member insertion hole
203. Separately from the warping correction member mnser-
tion hole 203, another warping correction member insertion
hole 1101 1s provided in the proximity of the deepest portion
of the msertion hole 401 so as to extend from a bottom face
of the optical connector 1100 to the insertion hole 401.

As depicted 1in FIG. 11, the warping correction member
insertion hole 203 and the warping correction member
insertion hole 1101 are disposed i an opposing relationship
to each other across the 1nsertion hole 401. Another warping,
correction member 1102 1s inserted 1n the warping correc-
tion member insertion hole 1101.

Warping of a tip end portion of the optical waveguide
sheet 101 may be corrected by sandwiching from above and
below the tip end portion of the optical waveguide sheet 101
by the warping correction member 301 and the warping
correction member 1102. In FIG. 11, the configuration of the
other part of the optical connector 1100 may be substantially
same as or similar to the configuration depicted in FIG. 2.

The shape and the size of the warping correction member
insertion hole 1101 are not limited to the shape and size
depicted 1n FIG. 11 but may be determined arbitrarily. The
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shape of the warping correction member insertion hole 1101
may be a rectangular shape or some other shape. Also the
s1ze of the warping correction member nsertion hole 1101
may be greater or smaller than the size depicted 1n FIG. 11.
The warping correction member insertion hole 1101 may
extend to at least one of the front face and the rear face of
the optical connector 1100 similarly to the warping correc-
tion member insertion hole 203.

In FIG. 11, the size of the warping correction member
insertion hole 1101 1s smaller than the size of the warping
correction member 1nsertion hole 203. The warping correc-
tion member insertion hole 1101 may otherwise have a
substantially same shape or a substantially same size as the
shape or the size of the warping correction member 1nsertion
hole 203 or may have a size greater than the size of the

warping correction member isertion hole 203. The warping
correction member insertion hole 1101 and the warping
correction member insertion hole 203 may have shapes
different from each other.

The warping correction member 1102 may have a shape
substantially the same as the shape of the warping correction
member insertion hole 1101 and besides may have a size a
little smaller than the size of the warping correction member
insertion hole 1101. The relationship between the warping
correction member 1102 and the warping correction member
insertion hole 1101 may be substantially the same as the
relationship between the warping correction member 501
and the warping correction member insertion hole 203. The
warping correction member 1102 may include a material
such as cyclo-olefin polymer or the like similarly to the
warping correction member 501. Also the warping correc-
tion member 1102 may be fabricated from a material the
same as the material of the optical connector 100 similarly
to the warping correction member 501. The warping cor-
rection member 1102 may be fabricated from a material
different from the maternals of the warping correction mem-
ber 501 and the optical connector 100.

The movement of the warping correction member 1102 1n
the upward and downward directions may be performed
using a given adjustment apparatus or may be performed
manually by a worker. Thereupon, 1in an interlocking rela-
tionship with the movement of the warping correction
member 501 in the upward and downward directions, the
pressing force of the warping correction member 1102 and
the warping correction member 501 1s adjusted and damage
to the optical waveguide sheet 101 may be reduced.

In the optical connector 1100 depicted i FIG. 11, since
the optical waveguide sheet 101 1s sandwiched from above
and below, warping of a tip end portion of the optical
waveguide sheet 101 1s corrected with certainty, and move-
ment of the tip end portion to an appropriate position 1s
performed. For example, a case where the thickness of the
optical waveguide sheet 101 has a dispersion may be also
handled.

FIG. 12 depicts an example of an optical connector. In
FIG. 12, a cross sectional view of the optical connector taken
along line X-X' depicted 1n FIG. 2 1s depicted. In the optical
connector 1200 depicted 1n FIG. 12, a warping correction
member msertion hole 203 1s provided 1n the proximity of
the deepest portion of the msertion hole 401 so as to extend
from an upper face of the optical connector 1200 to the
insertion hole 401. A warping correction member 501 1is
inserted 1 the warping correction member insertion hole
203. An elastic member 1201 is provided at the lower side
of the msertion hole 401. The elastic member 1201 may be,
for example, a leafl spring and may be provided such that a
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portion thereof in the proximity of the deepest portion of the
insertion hole 401 1s deflected.

If the warping correction member 501 1s pressed to the
lower side, the elastic member 1201 at the lower side of the
optical waveguide sheet 101 1s deflected and moved to the
lower side together with the inserted optical waveguide
sheet 101. Warping of the optical waveguide sheet 101 1s
moderated by antagonism with the repulsive force of the
clastic member 1201. Even if the thickness of the optical
waveguide sheet 101 has a dispersion, the optical waveguide
sheet 101 1s moved to an optimum position (reference
height). In FIG. 12, the configuration of the other part of the
optical connector 1200 may be substantially the same as or
similar to the configuration depicted in FIG. 2. After the
adjustment, the elastic member 1201 may be fixed by
bonding to the optical connector 1200 using, for example,
UV bonding agent in the form of liquid so that the elastic
member 1201 may not move later.

The elastic member 1201 may be a leal spring. For
example, 11 a portion at the lower side of the 1nsertion hole
401 1s formed from an elastic member having elasticity such
as rubber, an efect similar to the effect achieved where a leaf
spring 1s utilized may be achieved.

In the optical connector 1200 depicted in FIG. 12 and a
tabrication method of an optical connector, correction of
warping and adjustment of the reference height of the optical
waveguide sheet 101 are performed substantially simulta-
neously utilizing the elastic force of the elastic member
1201. For example, by utilizing the repulsive force which 1s
generated by applying pressure to the warping correction
member 501 to press down the optical waveguide sheet 101
to the lower side, adjustment of the reference height of the
optical waveguide sheet 101 and correct warping of the
optical waveguide sheet 101 may be performed.

FIG. 13 depicts an example of an optical connector. In
FIG. 13, a cross sectional view of the optical connector taken
along line X-X' depicted 1n FIG. 2 1s depicted. In FIG. 13,
for example, a laser generation apparatus or an 1nk jet printer
denoted by reference numeral 1301 may be provided. In
order to adjust the displacement 1n height between the group
of lenses 201 and the optical paths 601 by adjusting the
height of a reference face 1302 for the optical waveguide
sheet 101, for example, the height of a lower side portion of
the 1nsertion hole 401 corresponding to a warping correction
member isertion hole 203, the laser generation apparatus or
ink jet printer 1301 may be used. For example, 1f the
reference face 1302 1s excessively high, a cutting process
using the laser generation apparatus 1301 is performed. IT
the reference face 1302 is excessively low, a modeling
process 1s performed by the 1nk jet printer 1301. In FIG. 13,
the configuration of the other part of the optical connector
1300 may be substantially the same as or similar to the
configuration depicted in FIG. 2.

According to the optical connector 1300 depicted 1n FIG.
13 and a fabrication method for an optical connector, adjust-
ment of the reference face 1302 may be performed with
certainty. For example, even 1f the thickness of the optical
waveguide sheet 101 has a variation caused by a dispersion
in the fabrication process of the optical waveguide sheet
101, adjustment of the height of the reference face may be
performed readily, and displacement after the completion
may be reduced.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader in
understanding the invention and the concepts contributed by
the inventor to furthering the art, and are to be construed as
being without lmmitation to such specifically recited
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examples and conditions, nor does the organization of such
examples 1n the specification relate to a showing of the
superiority and inferiority of the invention. Although the
embodiments of the present invention have been described
in detail, i1t should be understood that the various changes,
substitutions, and alterations could be made hereto without
departing from the spirit and scope of the invention.

What 1s claimed 1s:

1. A fabrication method for an optical connector, com-
prising:

inserting an optical waveguide sheet, 1n a direction of an

optical path of the optical waveguide sheet, into an
insertion hole of an optical connector including a group
of lenses disposed 1n a juxtaposed relationship on a first
end face of the optical connector, the insertion hole
extending from a second end face of the optical con-
nector at an opposite side to the first end face toward
the group of lenses; and

performing first adjustment of adjusting a position of a tip

end of the optical path with respect to the group of
lenses by pressing a side end portion of the optical
waveguide sheet inserted 1n the msertion hole from at
least one of sides of a first direction along a disposition
direction of the group of lenses, through a first hole
portion that 1s provided in the optical connector and
extends to the insertion hole.

2. The tabrication method for an optical connector accord-
ing to claim 1, further comprising,

abutting an abutting member with one side of the side end

portion of the optical waveguide sheet through one hole
of the first hole portion at one of the sides of the first
direction,

wherein the other side of the side end portion of the

optical waveguide sheet 1s pressed through the other
hole of the first hole portion from the other of the sides
of the first direction.

3. The fabrication method for an optical connector accord-
ing to claim 2, wherein the position of the tip end of the
optical path with respect to the group of lenses 1s adjusted by
utilizing an elastic force of the abutment member.

4. The tabrication method for an optical connector accord-
ing to claim 1, further comprising:

performing second adjustment of adjusting the position of

the tip end of the optical path with respect to the group
of lenses by pressing, using an adjustment member, the
optical waveguide sheet inserted in the insertion hole
from at least one of sides of a second direction per-
pendicular to the disposition direction through a second
hole portion that 1s provided on the optical connector
and extends to the insertion hole.

5. The fabrication method for an optical connector accord-
ing to claim 4, wherein the first adjustment i1s performed
after the second adjustment 1s performed.

6. The fabrication method for an optical connector accord-
ing to claim 4, further comprising,

fixing, after the second adjustment, the optical waveguide

sheet to the optical connector by fixing the adjustment
member to the optical connector.

7. An optical connector, comprising:

a group of lenses disposed 1n a juxtaposed relationship 1n

a first direction on a first end face of the optical
connector,

an msertion hole, provided from a second end face of the

optical connector at an opposite side to the first end face
toward the group of lenses, configured to be inserted an
optical waveguide sheet 1n a direction of an optical path
of the optical waveguide sheet; and
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an adjustment element configured to adjust, 1n a state in
which the optical waveguide sheet 1s 1nserted 1n the
isertion hole, a position of a tip end of the optical path
with respect to the group of lenses, wherein
the adjustment element includes a first adjustment portion
configured to adjust the position of the tip end of the
optical path along the first direction, and
the first adjustment portion includes a first hole portion
extending to the mnsertion hole 1n the first direction.
8. The optical connector according to claim 7, wherein the
position of the tip end of the optical path 1s adjusted by
pressing a side end portion of the optical waveguide sheet
inserted in the 1nsertion hole from at least one of sides 1n a
direction along the first direction through the first hole

portion.

9. The optical connector according to claim 7, wherein the
adjustment element includes a second adjustment portion
configured to adjust the position of the tip end of the optical
path 1n a second direction substantially perpendicular to the
direction in which the group of lenses 1s disposed.

10. The optical connector according to claim 9, wherein
the second adjustment portion has a second hole portion
extending to the insertion hole in the second direction.

11. The optical connector according to claim 9, further
comprising;

an adjustment member configured to adjust the position of

the tip end of the optical path by pressing the optical
waveguide sheet inserted 1n the insertion hole from at
least one of sides of the second direction through the
second hole portion.

12. The optical connector according to claim 7, further
comprising:

an elastic member provided at a side of the group of lenses

in the msertion hole and having a tip end that 1s
deflected 1n a second direction substantially perpen-
dicular to the direction 1n which the group of lenses 1s
disposed.
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13. An optical connector, comprising:

a group of lenses disposed 1n a juxtaposed relationship 1n
a first direction on a first end face of the optical
connector;

an insertion hole, provided from a second end face of the
optical connector at an opposite side to the first end face
toward the group of lenses, configured to be mnserted an
optical waveguide sheet 1n a direction of an optical path
of the optical waveguide sheet; and

an adjustment element configured to adjust, in a state in
which the optical waveguide sheet 1s 1nserted in the
insertion hole, a position of a tip end of the optical path
with respect to the group of lenses, wherein

the adjustment element includes an adjustment portion
configured to adjust the position of the tip end of the
optical path in a second direction substantially perpen-
dicular to the direction 1n which the group of lenses 1s
disposed, and

the adjustment portion has a hole portion extending to the
insertion hole 1 the second direction.

14. The optical connector according to claim 13, further

comprising:

an adjustment member configured to adjust the position of
the tip end of the optical path by pressing the optical
waveguide sheet inserted 1n the msertion hole from at
least one of sides of the second direction through the
hole portion.

15. The optical connector according to claim 13, further

comprising;

an elastic member provided at a side of the group of lenses
in the insertion hole and having a tip end that is
deflected 1n the second direction substantially perpen-
dicular to the direction 1n which the group of lenses 1s
disposed.
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